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Abstract. The effect of herbicides N-~(phosphonometilyl)glycine (glyphosate), 2-methyl-4-chloro- 
phenoxyacetic acid (MCPA), 2-chloro-4.ethylamino-6-isopropylamino-l,3,5.triazine (atrazine) 
and the respective commercial preparations "Round-up", "Aminex", and "Zeazin", on the 
activity of lactate dehydrogenase isolated from germinating soybean seeds and beef heart were 
compared. The main aim of the work was to compare the effect of the herbicides on lactate 
dehydrogenase isolated from animal and plant material. Simultaneously the effect of herbicides 
and the respective commercial preparations was compared. Substantial differences resulting from 
the two comparisons indicate differences in the structure of active eentres of lactate dehydrogenase 
isolated from animal and plant material, and also a considerable effect of additives and sur- 
factants in commercial preparations. 

C o n t e m p o r a r y  agr icul tura l  p roduc t ion  can ha rd ly  t a k e  place w i thou t  t he  
use of  t h e  herbicideS, t I 0weve r  , t h e i r  app l i ca t ion  resul ts  in m a n y  problems.  
Herbic ides  and  the i r  residues r emain  in t he  soil and  in plants ,  c o n t a m i n a t e  
water ,  g e t i n t o  the  t issues of  fa rm animals  and  even tua l l y  also in to  man.  T h e y  
affect  d i f ferent  metabol ic  sys tems  of  the  above  organisms to  v ~ r ~ n g  degrees  
(BERGMANNOVX and TAI•R 1973). C o m m e r c i a l  herbicide p repa ra t ions  
c o n t a i n ,  besides t h e  act ive  subs tances ,  addi t ives  incl. su r fac tan t s  which,  
however ,  r epresen t  the  objec t  of  in teres t  on re la t ive ly  ra re  occasions. The  
a im of  this  paper  was  to  con t r ibu te  an  unde r s t and ing  of  the  effects of  some 
herbicides  on l ac ta te  de 'hydrogenase isolated f rom beef  hea r t  and  f rom soybean  
seedlings. 

MATERIAL AND METHODS 

Enzyme Isolation 

Animal  l ac ta te  dehydrogenase  ( lactate:  NAD+ oxidoreductase ,  EC 1.1.1.27) 
was isolated f rom beef  hear t .  P l a n t  lac ta te  dehydrogenase  f rom soybean  
( G l y c i n e  m a x  L.) seeds which had  ge rmina ted  for  32 h in disti l led wa te r  
(BARTHOVX et al.  1980). The  biological mater ia l  was homogenized  and  
e x t r a c t e d  wi th  0.02 M Tr is -ace ta te  buffer,  p H  8.6, conta in ing  0.001 M 
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mercaptoethanol. The extracts obtained were fractionated with ammonium 
sulphate; the animal enzyme precipitated between 0 ,~nd 65% saturation 
and the plant enzyme between 30 and 40% saturation. The ammonium 
sulphate fractions were desalted by means of dialysis against a 0.00J M Tris- 
acetate buffer (pH 8.6) containing 0.001 M mercaptoethanol and concentrated 
by means of freeze-drying. 

Herbicides 

T h r e e  h e r b i c i d e s  were  s t u d i e d :  

N-(ph0sphomethyl)-glycine (glyphosate) in concentrations 0.73 and 
1.34• l0 --2 M and the respective commercial pretiaration "Round up" in 
concentrations of active substance L0:a~nd 1,~!<ft0-~ M. 

2-methyl-4-chlorophenoxyacetic ac id  (~CPA:) in~ concentrations 5.0 and 
9.2 • 10 -3 M .and the respective commercial preparation "Ami.nex" in con- 
centrations of active substance 1.0 and 1.83 • 10-2 M. 

2-chloro-4-ethylamino-6-isopropylamino-l,3,5-triazine (atrazine) in.concen- 
trations 1.0 and 1.83• l0 -a M and the respective commercial preparation 
"Zeazin" in concentrations of active substance 1.0 and 1.83 • 10 -a M. 

The herbicides were dissolved in ethanol; when determining the enzyme 
activities, the corresponding ethanol concentration, i.e. 18%, was always 
used in control assay mixtures. The commercial preparations were dissolved 
in water and their concentrations related to the concentration of the active 
substance. 

Determinat ion of  the Inhibition Constants 

Lactate dehydrogenase activity was measured in the direction of lactate 
oxidation. The enzyme activity was determined on the basis of the rate of 
pyruvate production which reacted with 2,4-dinitrophenylhydrazine and 
formed red hydrazone. The amount of the resulting hydrazone was de- 
termined spectrophotometrica!ly. 

Determination of the inhibition constants of lactate dehydro~genase by the 
investigated inhibitors with NAD + was carried out for NAD + concentrations 
from 0.83 to 3.33 • 10 -3 M at saturating lactate ~ concentration, i .e. 0.2 M. 
Determination of the inhibition constants of lactate dehydrogenase by the 
investigated inhibitors with lactate was carried out for lactate concentrations 
from 0.83 to 3.33 • lO -2 at saturating NAD+.concentration , i.e. 5 • 10 -3 M. The 
assay mixture contained 0.1MTris-acetate buffer, pH 9.1, 2•  
mercaptoethanol: and varying amounts of the inhibitors. The concentrations 
of the assay mixture components and experimental arrangement were devised 
so as to ensure linear reaction rate during the determination. The reaction 
was allowed to proceed for 15 rain at 37 ~ after adding the enzyme prep- 
aration to the assay mixture. Total volume of the assay mixture was 0.6 ml. 
The reaction was stopped by adding 0.25 mtlof  0.1% 2,4-dinitrophenyl- 
hydrazine solution in 2 M HC1 fol!owe~l after 20 min at laboratory tempera- 
ture by 2.5 ml of 0.4 M NaOH. Absorbance of the mixtures was determined 
spectrophotometrically a t  505 nm after ,further 20:rai~ using the spectro- 
photometer Spek01~ ~'o, th animal and plan~ enzyme aetiyiti~s were, determined 
under' t h e  s~me ,c0n~ti0ns t~0 enable /c0mpariaon : of the activity v~lues 
found. 
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Inhibition constants KN and Kc were calcfllated from the measured 
values of reaction rates in dependence on substrate and ~ inhibitor concen- 
trations according to the relationship for mixed-type inhibition (KOTYK and 
HOR.~K 1977): 

V x a  

i )  Kin(1 + Kc + a(1 -t- KN 

where a = substrate concentration; i ---- inhibitor concentration; Km = 
Michaelis constant  for the respective substrate;  Kc = dissociation constant  
of the complex enzyme-inhibitor which is determined from the slope of the 
dependence 1/v on 1/a; K~ ---- the dissociation constant of the complex enzy- 
me-substrate-inhibitor which is determined from the section cut on the or- 
dinate by  the dependence of 1Iv on 1/a; v ---- the initial reaction rate; V = 
maximum reaction rate. 

The type  of the inhibition was not  est imated by  plotting bu t  numerically 
as follows: 

The values of substrate concentrations denoted al . . .  a6 were chosen in 
such a way  that  (1/an) -- (1/an+l) was approximately constant. 

The respective absorbances measured were denoted A1 . . .  As. Then 

at -4- a2 -4- aa 
a I  ~-  a l i  - -  3 3 

a4 + a5 + as 

A I + A 2  ,4-Aa A d - ~ A s §  
AI = AII = 

3 3 

V = OII -- ai 

z4I aii -- ~4ii ai 

K i n  
A I I  - -  A I  

AI aii -- A n  a i  

For an inhibited reaction, the respective values were denoted Vi and Kmi. 
The inhibition constants to be found were est imated from 

i 
K ~ - -  

V 
- -  - -  1 
VI 

K c  
Kin1 V 1 
K ~  Vi 

The accuracy of the method is given only by  the precision of the measurement  
and is therefore more accurate than plotting. The type  of inhibition was 
est imated from the ratio Kc/K• (KoTYX and ItORXK 1977). The variation 
coefficient for the est imation of inhibition constants was 2.77%. 
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TABLE 1 

Inhibition of lactate dehydrogenase by herbicides. -- Inhibition constants of lactate dehydro- 
genase towards N A D  + as a substrate 

Animal L D H  Plant L D H  
Inhibitor 

KN [M] K c  [M] Type of K ~  [M] K c  [M] Type of 
inhibition inhibition 

Round up 4 x 10 -2 4 x 10 -2 I~C 5 x 10 -2 5 x 10 -2 NC 
Glyphosate > 5 x 10 -1 4 x 10 -2 C > 5 x 10 -1 9 x 10 -2 C 
Aminex - - 2 x 1 0  -2 3 X 1 0  -2 *) > 1 X 1 0  -1 5 X 1 0  -a  C 
M C P A  2 x 1 0  -2 2 x 1 0  -2  N C  > 1 x 1 0  -1 4 x l 0  -3 C 
Zoazine - -  1 x 10 -2 6 • 10 -3 *) > 5 • 10 -2 > 5 • 10 -2 - -  
A t r a z i n e  ~ 5 x 1 0  -2 l x l 0  -2 C > 5 •  -2 ~ 5 •  -2 - -  

C: competit ive inhibition; NC:noncompetit ive inhibition; *): cannot be evaluated unambiguously; 
-- : the enzyme was not inhibited. 

R E S U L T S  A N D  D I S C U S S I O N  

The inhibition constant values obtained and the types of inhibition are 
shown in Tables 1 and 2. Differences between the responses of the animal 
and the plant lactate dehydrogenases to the investigated herbicides were 
established. 

The acid preparation MCPA shows a higher degree of inhibition with the 
plant enzyme than with the animal enzyme in contrast to the basic prep- 
aration atrazin which hardly inhibits the plant enzyme but markedly inhibits 
the animal enzyme. The inhibition of both the enzymes by the less acid 
preparation glyphosate does not differ substantially. It can be assumed that 
the acid preparations glyphosate and MCPA non-covalently interact in the 
reactive centre of the enzyme with basic residues of the amino acids histidine 
and arginine (HOLBROOX et al. 1975, BARTHOVA et al. 1980). The basic prep- 
aration atrazin may interact with acid residues of cysteine and tyrosine 
which are present in the active centre of the enzyme. 

Differences between the effects of the commercial herbicide preparations 
and the proper active substances were found. The active substances inhibit 
lactate dehydrogenase in most cases competitively. Commercial preparations 

TABL~ 2 

Inhibition of lactate dehydrogenase by  herbicides. -- Inhibition constants of lactate d e h y d r o -  
g e n a s e  towards lactate as a substrate 

Animal L D H  Plant L D H  
Inhibitor 

KN [M] K c  [M] Type of KN [M] K c  [M] Type of 
inhibition inhibition 

Glyphosate > 5 • 10 -1 5 x 10 -2  C > 5 x 10 -1 4 x 10 -3 C 

M C P A  > 5 x 1 0  -1 2 •  -2 C > 1 x 1 0  -1 2 x 1 0  -a  C 

Atrazine > 5 x 1 0  -2 3 x 1 0  - a  C - - 2 x 1 0  -2 - - 2 x 1 0  -2 A 

C: competit ive inhibition; A: activation.  
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inhibit lactate dehydrogenase mostly noncompetitively or in a mixed type 
and show a higher or the same degree of inhibition as the active substances. 
These differences are most likely caused by the additives/which are present 
in the commercial preparations. An unusual type o f  inhibition is affected in 
the case of the animal lactate dehydrogenase by "Aminex" and "Zeazin". 
This may be the result of that fact that  commercial preparations are chemical 
mixtures. These findings stress the importance of the study of commercial 
preparations and not only the chemically pure active substances. The dif- 
ferences in the inhibition of the animal and plant enzymes by commercial 
preparations are similar to the differences found in pure active substances. 

Inhibitors presumably may also interact with substrates or coenzymes. 
However, the nature of differences in the effects of the investigated prep- 
arations on the animal and plant lactate dehydrogznase may rather be based 
on differences in the arrangement of the active centres of both enzymes, or 
on the different interaction of the substrate with the binding sites of the 
active centres resulting from it. 
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